ABSTRACT: The phylogeography of the direct-developing intertidal gastropod Batillaria cumingi was examined by comparing the nucleotide sequences of part of the mitochondrial gene for cytochrome c oxidase subunit I (COI) from 507 individuals, obtained from 24 sites that cover the distribution area of this species along the Japanese coasts, and from 2 sites on the Korean Peninsula. The individuals could be divided into 2 groups. Individuals in the first group mainly inhabit coasts along the Kuroshio Current, as well as Ariake Bay in western Kyushu, while the second group inhabits coasts along the Tsushima Current and its branches. Individuals in the 2 groups coexisted at only 3 sites, which correspond to the boundaries between the distributions of the 2 groups. The level of the genetic structure of B. cumingi is higher than those of the lecithotrophic gastropod species Turbo (Batillus) cornutus and the planktotrophic congeneric species B. multiformis.
INTRODUCTION
The phylogeographic analysis of populations of marine organisms can provide information about historical variations in oceanic environments, since the effects of major environmental changes result in unique and long-retained genetic structures, such as the geographic genetic heterogeneity that is caused by geographic isolation and the extremely low genetic diversity that is caused by population bottleneck effects (Avise 1994 (Avise , 2000 . The concordance of phylogeographic structures among co-distributed species suggests that common historical and/or contemporary oceanographic factors have formed the structures. Such concordances have been reported for marine organisms from the Pacific coast of the United States , the Atlantic coasts of the NE (Wares 2002) and SE United States (Avise 1992), the North Atlantic , and the Mediterranean Sea (Borsa et al. 1997 , Zane et al. 2000 .
Two warm water currents, the Kuroshio Current and the Tsushima Current, flow along the Japanese Islands (Fig. 1) . The latter branches from the former south of Kyushu, and the currents never meet again. The Tsugaru Current, which is a branch of the Tsushima Current, flows through the Tsugaru Strait and then southward along the coast of the Sanriku district, which is in the NE part of Honshu (the main island of Japan). A cold current, the Oyashio Current, also flows along the coast of the Sanriku district. The Kuroshio Current and the Oyashio Current now meet off the coast of the northern Kanto district, in central Honshu (Fig. 1) , but it has been demonstrated that the position of the zone of confluence of these currents fluctuated considerably during the Pleistocene and Holocene eras (Chinzei 1978 , Chinzei et al. 1987 , Oda & Takemoto 1992 , Sawada & Handa 1998 ). These complicated current systems around the Japanese Islands are likely to have influenced the distribution and geographic structure of marine organisms, in particular species with low dispersal ability.
Previous studies of a subtidal gastropod with a short planktonic stage, the Japanese turban shell Turbo (Batillus) cornutus, revealed a clear genetic structure that corresponded to the routes of the warm currents along the Japanese coastline (Kojima et al. 1997 (Kojima et al. , 2000 . The structure was attributed to environmental changes around Japan during the Quaternary period. The populations of the Japanese turban shell consist of 2 genetically distinct groups, one of which is distributed along the Kuroshio Current and one along the Tsushima Current, while no genetic structure is apparent within each group. If the low dispersal ability of Japanese turban shells is important for the formation and retention of a genetic structure, a clearer structure might be expected for a direct-developing species, and analysis of the genetic structure of such a species might be expected to provide further detailed paleoceanographic information (Kyle & Boulding 2000 , Collin 2001 , Hellberg et al. 2001 .
Intertidal gastropods of the genus Batillaria are dominant occupants of the muddy tidelands along the Japanese coasts. While 2 planktotrophic species, B. multiformis (Furota et al. 2002) and B. zonalis (S. Kamimura pers. comm.), are now threatened with extinction as a result of the recent exploitation of the Japanese coastline, comparable population declines of the direct-developing B. cumingi (Adachi & Wada 1999) have not yet been observed (Kurozumi 1995 , Wada et al. 1996 , Furota et al. 2002 . While planktonic larvae may be unable to drift to suitable habitats, which have been isolated from each other by reclamation and severe hypoxia in coastal areas, the direct development of B. cumingi is thought to have enabled this species to recruit directly on their parental habitats, resulting in a lower frequency of propagate loss than in species with a long planktonic larval stage (Furota et al. 2002) .
Batillaria cumingi has been reported on the coasts of the Japanese Islands, the Korean Peninsula, and continental China (Hasegawa 2000) . In spite of its tropical origin, B. cumingi can even be found along the coast of Hokkaido and the northern part of Honshu, where the Japanese turban shell is not present. The 2 warm currents and the Oyashio Current might have played an important role in the dispersal of B. cumingi.
In the present study, we analyzed the genetic structure of Batillaria cumingi on the basis of the nucleotide sequences of part of the mitochondrial gene for cytochrome c oxidase subunit I (COI), obtained from specimens collected from 24 sites that cover the distri- Gyeongsangnam Prefecture, Korea (N = 9); and 26, Gubongri coast, Gyeonggi Prefecture, Korea (N = 20) . Approximate present routes of water currents along the Japanese Islands (according to Unoki and Kubota 1996) : (A) the Kuroshio Current, (B) the Tsushima Current, (C) the Tsugaru Current, (D) the Soya Current, and (E) the Oyashio Current are shown. a, b, c, d, and e indicate Soya Strait, Tsugaru Strait, Seto Inland Sea, Kanmon Strait, and Tsushima Strait, respectively. Sites where individuals of ( d) the Kuroshio group, (s) the Tsushima group and (j) both groups were collected are indicated (see the 'Results' section) bution area of this species around the Japanese Islands and from 2 sites on the Korean Peninsula. We discuss the historical factors responsible for the present genetic structure of this species.
MATERIALS AND METHODS
For the phylogeographic analysis, nucleotide sequences of part of the COI gene obtained from 452 individual specimens of Batillaria cumingi, which had been collected at 22 sites on the Japanese coastline and at 2 sites on the Korean Peninsula (Fig. 1) , were determined. Nucleotide sequences of all 52 specimens collected in Ariake Bay and the Goto Islands and for 3 specimens from the Shiokawa tidelands were taken from a previous study (Kojima et al. 2001a) .
Total DNA was extracted from the head -foot region of each individual by grinding, digestion with sodium dodecyl sulfate, and extraction with phenol and chloroform. We amplified part (about 700 bp) of the mitochondrial gene for COI using the polymerase chain reaction (PCR), with total DNA as a template and the primers Gastro-2 (Kojima et al. 2001a ) and COI-6 (Shimayama et al. 1990 ). The conditions for PCR were: 94°C for 60 s; then 30 to 40 cycles at 92°C for 40 s, 50°C for 60 s, and 72°C for 90 s. Genereleaser TM (BioVenture) was used to sequester products of cell lysis which might have inhibited the polymerase.
The nucleotide sequence of a 384 bp region of the COI gene, which was previously shown to include sufficient intraspecific variations for phylogeographic analysis (Kojima et al. 2001a) , was determined bidirectionally for each specimen with an automated sequencer (DSQ-2000L, Shimadzu) using the internal primers Gastro-4 and UN-1 (Kojima et al. 2001a ). The nucleotide sequences of primers used in the present study are summarized in Table 1 . Amino acid sequences of COI were deduced by reference to the modified genetic code of molluscan mitochondrial DNA (Shimayama et al. 1990 , Hoffmann et al. 1992 .
Phylogenetic relationships among haplotypes of Batillaria cumingi were analyzed using the maximumparsimony (MP) method with the program from the PAUP* package, Version 4.0b10 (Swofford 2002) , using the multiple, equally parsimonious, heuristic search option with tree bisection-reconnection and 1000 random addition sequence replicates. B. multiformis and B. flectosiphonata, for which the sequences of the COI gene were previously determined by Kojima et al. (2003) , were used as an outgroup. The network based on the most parsimonious connections of haplotypes was obtained with the program TCS, Version 1.13 (Clement et al. 2000) . The nested clade structure was determined using the rules outlined in Templeton et al. (1987) and Templeton & Sing (1993) . The nested clade analysis was performed using the program GEODIS, Version 2.2 . The inference key of Templeton et al. (1995) was used to interpret the results.
Differences in haplotype frequencies between populations were examined using the exact test of population differentiation (Raymond & Rousset 1995) with the computer program package Arlequin (Schneider et al. 2000 ). An unbiased fixation index, F ST (Weir & Cockerham 1984) , was estimated and the significance of the indices was tested using a nonparametric permutation approach with Arlequin. The genetic diversity of each population was estimated based on 2 indices: gene diversity, i.e. the probability that 2 randomly chosen haplotypes are different (Nei 1987) ; and nucleotide diversity, which was expressed by the probability that 2 randomly chosen homologous nucleotides would be different (Tajima 1983 , Nei 1987 . The neutrality of nucleotide substitutions was tested using the method of Tajima (1989) with Arlequin. The significance of population structure was tested with Analysis of Molecular Variance (AMOVA) using a permutational approach (Excoffier et al. 1992) with Arlequin. Possible population expansion was tested by performing mismatch distribution analysis (Rogers 1995) using Arlequin. Table 1 . Nucleotide sequences of primers used in the present study. Y, R, S, W, and N denote T or C, A or G, G or C, A or T, and G, A T, or C, respectively. Positions refer to the corresponding amino acid residues encoded by the mitochondrial gene for cytochrome c oxidase subunit I (COI) from Drosophila yakuba lotype will appear in the GSDB, DDBJ, EMBL, and NCBI nucleotide sequence databases under accession numbers AB164326 to AB164358. Frequencies of haplotypes within each population are shown in Table 2 . Nucleotide sequences from all haplotypes were of equal length with no insertions or deletions, and could therefore be aligned unambiguously with each other. Nucleotide substitutions occurred at 30 sites within the 384 bp region of the COI gene, and 19 of them were parsimony-informative. The transition/transversion ratio was 8.421. No saturation of nucleotide substitution was revealed (data not shown) and no amino acid substitutions were detected. Phylogenetic relationships among the haplotypes were analyzed using the MP method. Fig. 2 shows the strict consensus tree of all 5 MP trees. The 33 haplotypes of Batillaria cumingi formed 2 clusters on the MP tree. The monophyly of the first cluster (Haplotypes K1 to 19) was supported by a high bootstrap probability (90%), and the value supporting the second cluster (T1 to 14) was relatively low (64%). A nested haplotype cladogram for B. cumingi with a 95% plausible set of haplotype connections is shown in Fig. 3 . The total cladogram consisted of two 3-step clades, Clades 3-1 and 3-2, which corresponded to the 2 clusters on the MP tree. The two 3-step clades were separated from each other by 5 nucleotide substitutions. The results of the nested clade analysis are summarized in Table 3 .
RESULTS

The 507 individuals of
Haplotypes in Clade 3-1 were distributed along coasts bordering the Kuroshio Current, as well as Ariake Bay (Site 24 in Fig. 1 ) in western Kyushu, while those in Clade 3-2 were collected mainly from coasts along the Tsushima Current and its branches. Haplotypes of these 2 clades are referred to below as the Kuroshio group and the Tsushima group, respectively. Individuals of the 2 groups were shown to coexist at only 3 sites: in Yamada Bay on the NE coast of Honshu (Site 7 in Fig. 1 ), on the Maehama tidelands in the Seto Inland Sea (Site 20 in Fig. 1 ), and on the Goto Islands off NW Kyushu (Site 23 in Fig. 1 ). These 3 sites corre- 1  T1  20  20  11  4  T2  15 10  9  14  T3  2  T4  1  T5  1  3  T6  2  T7  20 7 19 20 21  16  22  20  4  T8  2  T9  1  T10  1  T11  1  T12  20  T13  1  T14  1 spond to the boundaries between the distributions of the 2 groups (Fig. 1) . The mismatch distribution analysis indicates that both the Kuroshio and Tsushima groups have experienced sudden expansions (Fig. 4) , as consistency with the distributions predicted by the sudden expansion model of Rogers (1995) could not be rejected significantly (p = 0.375 for the Kuroshio group and p = 0.119 for the Tsushima group). The genetic diversity and nucleotide composition of each population are summarized in Table 4 . For the total sample, Tajima's D value was 0.110 and the neutrality of nucleotide substitutions was not rejected (p = 0.62). Differences in frequencies of haplotypes between populations were examined on the basis of the pairwise F ST values and using the exact test of population differentiation (Table 5 ). For AMOVA, sampling sites were divided into 2 groups, i.e. sites where individuals of the Tsushima group predominate and sites where individuals of the Kuroshio group predominate. Significant genetic structures were revealed at 3 levels: among groups, among populations within groups, and within populations, as summarized in Table 6 .
DISCUSSION
Genetic structure of Batillaria cumingi
The present study revealed a clear genetic structure of the intertidal gastropod Batillaria cumingi around Japan. Adachi & Wada (1999) reported that B. cumingi, which lacks a planktonic larval stage, can be dispersed as a result of the spread of early juveniles, each of which can float by extending its foot and exploiting the surface tension of water. Dispersal of this species might also be accomplished by rafting on algal beds (Highsmith 1985) or via transportation by birds (Malone 1965) . Individuals transported to a new habitat are likely to be easily isolated from their mother population and to accumulate mutations.
The present analysis revealed that populations of Batillaria cumingi consist of 2 genetically distinct groups, the Kuroshio group and the Tsushima group (Figs. 2 & 3) . The former group mainly inhabits coasts along the Kuroshio Current, as well as Ariake Bay (Site 24 in Fig. 1 ), while the habitats of the latter group are the coasts along the Tsushima Current and its branches (Fig. 1) . Using the nucleotide divergence rate of the COI genes of marine gastropods in the genus Tegula, which is 2.4% per million yr (Hellberg & Vacquier 1999) , we can estimate that a single nucleotide substitution must have been fixed in the sequenced region approximately every 110 000 yr. It is unlikely that the 2 groups were derived after the beginning of the last glacial period (some 70 000 yr ago). The genetic structures of the 2 groups are likely to have been formed as a result of historical changes in the oceanic environment around Japan, as discussed below.
A similar phylogeographic pattern was reported for the Japanese turban shell Turbo (Batillus) cornutus, the larvae of which are lecithotrophic with a short planktonic period of 3 to 5 d (Kojima et al. 1997 (Kojima et al. , 2000 . Individuals of this species inhabiting the Japanese Islands could also be divided into 2 genetically distinct groups, and their distribution corresponds to the routes of the 
(Batillus) cornutus
was also estimated to have occurred before the last glacial period (Kojima et al. 2000) . No genetic differentiation between local populations was detected for each of the 2 groups of T. (Batillus) cornutus, whereas a significant genetic structure was revealed within each of the 2 groups of B. cumingi by the test of the significance of F ST values, the exact test of population differentiation (Table 5) , and AMOVA (Table 6 ). No genetic structure was shown for the planktotrophic species B. multiformis, which is congeneric with B. cumingi, over its range in the Japanese Islands, despite the existence of 2 genetically distinct groups (Kojima et al. 2003) . Generally speaking, direct-developing species are expected to have lower dispersal abilities than species with a planktonic larval stage, and tend to be more easily geographically isolated, although long-distance dispersal has been reported for some species without any pelagic stage (Martel & Chia 1991 , Helmuth et al. 1994 , Johannesson & Johannesson 1995 . Inverse relationships between the level of genetic structures among populations and the expected dispersal capability have been shown for many intertidal molluscs through the comparison of genetic structures of related species with different larval modes (Hoskin 1997 , Todd et al. 1998 , Kyle & Boulding 2000 , Wilke & Davis 2000 , Collin 2001 ).
The geographic genetic structures of the 3 Japanese gastropod species mentioned above also correspond with this prediction, i.e. the high level structure of the direct developer Batillaria cumingi, the intermediate level structure of the lecithotrophic species Turbo (Batillus) cornutus, and the lack of geographic structure for the planktotrophic species B. multiformis. A single historical event in the Pleistocene might have caused the divergence of 2 lineages in each of these 3 species, and the difference in larval dispersal might have formed their present geographic distribution. A similar phenomenon was reported for gastropods of the genus Crepidula inhabiting the Atlantic and Gulf coasts of North America (Collin 2001) . Two species of the C. convexa complex with no or short planktonic periods exclusively inhabit the Atlantic coast or the Gulf coast, while the 2 lineages of the planktotrophic species C. fornicate showed no differences in geographic distribution. The fine geographic population structure of B. cumingi suggests that dispersal over long distances of this direct-developing species might be a rather rare Fig. 4 . Batillaria cumingi. Observed and expected distribution of pairwise sequence divergences under the sudden expansion model (Rogers 1995) Fig. 2 event or that its dispersal distance is relatively short compared with those of planktonic species.
The Kuroshio group
The western coast of Kyushu is located near the route of the Tsushima Current (Fig. 1) , and close genetic relationships between individuals collected in Ariake Bay and those from the Japan Sea have been demonstrated for 2 direct-developing crustaceans, the ostracod Ishizakiella miurensis (Yamaguchi 2000) and the sea louse Ligia exotica (Itani 2000) . In the case of Japanese turban shells, which are not found in Ariake Bay, the population on the western coast of Kagoshima Prefecture, the southernmost region of Kyushu, is more closely related to populations at other sites along the Tsushima Current than to those along the Kuroshio Current (Kojima et al. 2000) . Unexpectedly, all 32 individuals of Batillaria cumingi from Ariake Bay belonged to the Kuroshio group (Haplotypes K1 to K5). To date, individuals of these haplotypes have been collected exclusively from Ariake Bay. Many endemic species or subspecies, of which relatives are found along the coasts of the Asian continent, have been collected in Ariake Bay (Sato 2000) . They are thought to be attrib- Fig. 2 utable to connections between the western coast of Kyushu and coastal areas of the Asian continent during glacial periods. After the last glacial period, most species found in Ariake Bay were isolated from conspecific populations on the continental coast and are likely to have diverged, in some cases, at the subspecies or species level. As all individuals of B. cumingi collected on the Korean Peninsula were classified into the Tsushima group, the divergence of the population in Ariake Bay from those on the Asian continent might have occurred before the last glacial period.
Two dominant haplotypes, K6 and K13, and rare haplotypes that were thought to have derived from these 2 dominant haplotypes, K7 to 12 and K14 to 16 (Fig. 3) , inhabit the Pacific coast of Honshu. The nested cladogram of haplotypes (Fig. 3) suggests that the dominant haplotypes K6 and K13 were derived independently from K1, the dominant haplotype in Ariake Bay, as the monophyly of haplotypes of the Kuroshio group was supported by a high bootstrap probability (Fig. 2) and the root of the cladogram is thought to be outside the clade of the Kuroshio group. As shown by the high endemicity of marine fauna, Ariake Bay is a semi-closed area, connected to the outside by relatively narrow straits, and populations of marine organisms in Ariake Bay are thought to have been isolated with the extension of the bay after the glacial periods (Shimoyama et al. 1996 , Sato 2000 , Sato 2001 ). Individuals of haplotypes of Clades 1-2 and 1-3 in Fig. 3 might have been derived from populations isolated from the population in Ariake Bay during different ages. The temporal influx of the Oyashio Current into the Japan Sea through the Tsugaru Strait at the end of the glacial periods might have prevented Batillaria cumingi from colonizing the Japan Sea coast. The nested clade analysis suggests past fragmentation within Clade 2-1 (Table 3) , which supports this hypothesis. In addition, the mismatch distribution indicates that individuals of the Kuroshio group experienced a sudden expansion (Fig. 4a) .
At present, the Kuroshio Current and the Oyashio Current converge off the northern coast of the Kanto district, near Site 11 in Fig. 1 , while a boundary between the Tsushima group and the Kuroshio group is apparent near Site 7 on the NE coast of Honshu (Fig. 1) . Approximately 6000 yr ago, the front of the Kuroshio Current appears to have reached a region off the NE coast of Honshu, and this region is the northernmost position achieved by the Current during the past 20 000 yr (Chinzei et al. 1987 , Oda & Takemoto 1992 . Individuals of the Kuroshio group that inhabit the NE coast of Honshu are thought to have been transported by the Kuroshio Current at that time.
The Tsushima group
The Japan Sea is very interesting for phylogeographic studies (Kojima et al. 1997 , 2001b , Itani 2000 , Yamaguchi 2000 . This semi-enclosed sea is connected with neighboring seas by relatively shallow and narrow straits. During glacial periods, it is probable Table 4 . Batillaria cumingi. Genetic diversity and nucleotide composition of each population. Population numbers refer to sampling sites shown in Fig. 1 1 2 3 4 5 6 7 8 9 10 11 12 13 1 0.00 0.00 0.00 0.00 1.00** 0.09 1.00** 1.00** 0.00 1.00** 0.64** 0.91** 2 n d -0.07 0.00 0.00 1.00** 0.00 1.00** 1.00** 0.00 1.00** 0.53** 0.86** 3 1.00 1.00 0.00 0.00** 0.95** 0.04 0.95** 0.95** 0.00** 0.95** 0.59** 0.86** 4 nd nd 1.00 0.00 1.00** 0.09 1.00** 1.00** 0.00 1.00** 0.64** 0.91** 5 n d n d 0.48 nd 1.00** 0.10** 1.00** 1.00** 0.00 1.00** 0.65** 0.91** 6 0.00** 0.00** 0.00** 0.00** 0.00** 0.81** 0.00 1.00** 1.00** 1.00** 0.64** 0.91** 7 0.11 1.00 0.22 0.10 0.05* 0.00** 0.82** 0.81** 0.10** 0.81** 0.46** 0.71** 8 0.00** 0.00** 0.00** 0.00** 0.00** nd 0.00** 1.00** 1.00** 1.00** 0.64** 0.91** 9 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 1.00** 0.00 0.62** 0.05 10 nd nd 0.48 nd nd 0.00** 0.04* 0.00** 0.00** 1.00** 0.65** 0.91** 11 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** nd 0.00** 0.62** 0.05 12 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.51** 13 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.48 0.00** 0.48 0.00** 14 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 15 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 16 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 17 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.19 0.00** 0.20 0.00** 0.25 18 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 19 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 20 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 21 nd nd 1.00 nd nd 0.00** 0.11 0.00** 0.00** nd 0.00** 0.00** 0.00** 22 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 23 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 24 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 25 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 26 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.72** 1.00** 0.78** 0.64** 0.86** 1.00** 0.76** 20 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.72** 0.50** 0.28** 0.63** 0.64** 0.48** 21 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.78** 0.64** 0.86** 1.00** 0.70** 22 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.06** 0.68** 0.05 0.02 23 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.04* 0.56** 0.19 0.08* 24 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.82** 0.66** 25 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.86 0.29 0.00** 0.11 26 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.03* 0.00** 0.00** 0.25 Fig. 1 that it was almost completely isolated. In addition, it has been proposed that a massive influx of freshwater from the Asian continent during the last glacial maximum (27 000 to 20 000 yr ago) prevented vertical circulation and caused severely anoxic conditions (Tada 1994 , Crusius et al. 1999 , Ishikawa et al. 1999 , Tada et al. 1999 ). In addition, the decrease in water temperature due to the interruption of the Tsushima Current should have made most habitats of the Tsushima group uncomfortable. The low genetic diversity of populations on the coasts of the Japan Sea, the Sanriku district, and Hokkaido (Table 2 ) might be attributable to the severe bottleneck of populations during the glacial period. After the glacial period, the population of the Tsushima group probably experienced a sudden expansion, as suggested by the results of the mismatch distribution analysis (Fig. 4b) . Based on micropaleontologic analyses of core sediment samples, Gorbarenko & Southon (2000) showed that the sea area on the eastern slope of the Tsushima Strait did not become anoxic during the last glacial period, and they attributed this phenomenon to a small but constant influx of fresh seawater through the Tsushima Strait. The phylogeographic structure of the deep-sea demersal fish Bothrocara hollandi in the Japan Sea supports their conclusion, and it has been suggested that this fish used the area as a refuge during the last glacial period (Kojima et al. 2001b ). Available habitats for intertidal gastropods might not have been as severely limited as they were for deep-sea demersal fish, even during the last glacial maximum. Populations in the Hokuriku district (Sites 6 and 8 in Fig. 1 ) and Shimane Prefecture (Site 19 in Fig. 1 ) might have originated from other isolated refuges in the Japan Sea, where a single haplotype was randomly fixed through reductions in population size during the last glacial period. The past fragmentation suggested by the nested clade analysis for Clade 2-4 (Table 3) supports this hypothesis.
The Seto Inland Sea is connected to the Japan Sea by the Kanmon Strait, which was formed about 5000 yr ago (Ohshima 1990) . Individuals in the Tsushima group that inhabit the western part of the Seto Inland Sea (Site 20 in Fig. 1 ) are probably the result of dispersal through the Kanmon Strait during the past 5000 yr. In addition to dispersal from the Japan Sea to the Seto Inland Sea, dispersal from the Seto Inland Sea to the Japan Sea has also been clearly demonstrated for Japanese turban shells (Kojima et al. 1997) . In contrast, no such dispersal was detected in the case of Batillaria cumingi. Such a difference in distribution might also be attributable to the lower dispersal ability of B. cumingi in comparison with Japanese turban shells.
Analysis of the genetic structures of marine organisms not only provides information about historical variations in oceanic environments but also provides fundamental data for estimations of the effects of future environmental changes on marine ecosystems. In addition, such data are also important in terms of conservation biology. Many species inhabiting tidelands in Japan have been severely affected by reclamation and/or pollution during the recent explosive development of coastal areas (Wada et al. 1996) . Thus, detailed knowledge of the genetic status of each species is indispensable for the conservation of populations in the remaining habitats. The use of fasterevolving molecules than COI might give a more contemporary view of the genetic structure. To clarify the organization of fauna in Japanese coastal areas, we must obtain genetic information on species in neighboring regions, such as the coasts of Russia, the Korean Peninsula, continental China, and Taiwan, and examine related species with various types of larvae and geographic distributions. 
